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The Chinese ancient timber frame was well known for good seismic performance. 
The frame was piled up with many well shaped separate wooden blocks, remarkably 
different from the modern steel frame which made with several hinged bars. 
According to the studies have been done, yet we hardly know how the ancient 
structure was designed. Discovering the original design methods may provide us the 
general construction experiences from hundreds years ago, also ,the principles can be 
used to repair and restore the heritage ancient buildings. 
Based on YING ZAO FA SHI, we focus on the construction structural features of 
the palace building, especially on the level-flat stone column-base, the inclined 
wooden columns, the saddle-backed curve of the roof, mortise and tenon joint 
connection between column and architrave, the force transmission characteristics of 
the famous ‘Tou-Kung’. Also, we try to set up a dynamic equation of ‘multi-body 
made-up’ structure.   
The study show that, the elastic lateral deformation of column frame compose by 
the elastic deformation of portal rigid frame, bending deformation of tenon neck. The 
column frame can also occur large sliding displacement, including plane 
friction-sliding of column foot and clearance slip of mortise and tenon joint. Under 
the effect of higher earthquake, the elastic deformation of the structure represent about 
14% of the displacement amplitude, the remaining about 86% mainly for the 
friction-sliding of column foot and clearance slip between structural components.  
The layers of ‘PUZUO’ is a skill to control the lateral stiffness and the 
displacement of Tou-Kung, the abutment of the heavy roof beams. The lateral 
stiffness of the abutment is significantly reduced if changing a four ‘PUZUO’ (1 layer) 
to five (2 layers), while the lateral displacement amplitude increased at the same time. 
But, it is not so obvious if changing a seven ‘PUZUO’ (4 layers) to eight (5 layers).  
Compared with the experimental results in previous, this paper proceeds from the elastic 
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III 
consistent with actual measuring data of beating test. Further inference that the elastic 
lateral deformation of ancient palace structure is small in higher intensity of seismic 
acceleration, the structure can develop well sliding capability, to seismic isolation and 
energy dissipation. The study result in that the ‘multi-body made-up’ structure can 
resist horizontal seismic action successfully by the horizontal friction between the 
superstructure and the flat stone base, the elastic deformation of the piled-up wooden 
frame can be well controlled even under significant seismic excitations. 
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蓟县独乐寺始建于唐朝，于公元 984 年进行重建，仅有独乐寺山门（图 1.1）
及观音阁（图 1.2）保留至今。山门由 12 根柱子组成面阔（开间）三间、进深二
间的单层木结构建筑。观音阁平面柱网类似于《营造法式》中的“金箱枓底槽”，
即呈现“回”字形，边、角布置柱子。观音阁内槽为“口”字型，单向并列 3
间用 10 柱，内槽柱网向外扩出一圈，沿纵横轴线各增 1 外槽柱，四角增 4 柱，
外槽共 14 柱。底层为柱框明层，二层为平坐暗层，三层又为柱框，其上为屋盖
梁架，阁高为 23m。经千年风雨寒暑的洗礼，期间有记录的地震有 28 次之多，
其中有 4 次强震影响，山门及大阁仍然安然无圮。 
 
山西省应县木塔（图 1.3），兴建于公元 1056 年，其平面呈正八边形，内槽
为“井”字型双向间架，“五明四暗”九层垒叠，一层周匝有副阶再 24 柱。塔身
高达 67m，是我国现存最高的多层楼阁式木塔。近千年来，风雨霜雪、虫蛀鼠害，
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有记录的 8 度以上地震两次，且二层已遭受炮击破损，至今巍然矗立。 
辽宁义县奉国寺大殿（图 1.4），号称“中国第一大雄宝殿”，面阔（开间）
九间，进深五间，高达 21m 的五脊单檐庑殿式单层建筑。据古碑文记载，大殿



















          


























































































































高大峰、薛建阳等[26] 、张鹏程等[16- 17] 、姚侃等[27]和赵鸿铁等[28]以宋式木
构架二等材宫殿当心间缩尺模型（比例为1:3.52）为研究对象，采用水平反复加
载试验的方法对榫卯节点的半刚性连接进行研究，对其刚度进行深入探讨。通
过多组试验得到了榫卯连接M  滞回曲线及骨架曲线，同时拟合得到M 
关系方程和恢复力模型。张鹏程[29-30]通过12组木柱与础石间的摩擦试验，得到
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